Abstract. In this paper, we prove existence and uniqueness of the solution to the di raction problem of a plane electromagnetic eld by a chiral curved layer covering a perfectly conducting object. Approximative impedance conditions are given for thin chiral curved layers and optimal error estimates are obtained.
1. Introduction. The interaction of electromagnetic elds at microwave frequencies with the optically active chiral media has attracted the attention of the electromagnetic community due to its potential applications in the eld of antennas, microwave devices, waveguide propagation, scattering, etc. The original investigations of optical activity, or the e ect of chirality on the polarization of light, also date back to the nineteenth century. Arago 5] , Biot 7] , Cauchy 12] , Pasteur 23] and Fresnel 15] all examined optical activity in solid and liquid chiral medium. The concept of chirality has also played an increasingly important role in chemistry (see Prelog 24] ). Chiral media can be characterized by a generalized set of constitutive relations in which the electric and magnetic elds are coupled. The coupling strength is given by the magnitude of a quantity known as the chirality admittance which determines the bulk electromagnetic properties of these materials. In scattering applications it may be possible to use chiral material to coat a scatterer and thus control its scattering properties more e ciently than a dielectric coating due to the extra degree of freedom o ered by the presence of chiral parameter. Antennas coated with chiral materials may have signi cantly interesting radiation characteristics and surface-relief gratings constructed using chiral material may nd application in integrated optics and holography, for instance. In this paper, we prove uniqueness and existence of the solution to the di raction problem by a layer of chiral material covering a perfectly conducting object. Assuming that the thickness of the layer is su ciently small compared to the wavelength of the incident radiation, we derive impedance boundary conditions which can be used, along with the radiation condition, to compute the scattered eld without requiring detailed modeling of the eld quantities inside the chiral coating. This procedure permits accurate numerical calculations of the scattered wave for chiral coatings as in the achiral case 13]. The starting points of the present paper are the Maxwell equations and the constitutive relations for the chiral layer. Di erent expressions exist for the constitutive relations. The Drude-Born-Fedorov constitutive equations are used here. For interesting explanation of these equations and various physical aspects of the propagation inside chiral media, we refer to 14 16] and the references therein. It is noted that this list of papers is by no means complete, but it is representative of the work that is presently being conducted in this area. All these papers have come from physicists and engineering community. To our knowledge, the existence and the uniqueness of the solution to the di raction problem by a chiral layer has never been established. The present paper is devoted to present some results and approaches dealing with the rigorous scattering by a chiral medium.
2. Chirality and Reduction of Scattering. Let be a strictly positive parameter. Let i IR 3 be an open bounded set of class C 1 , ? = @ i its boundary, n the outward normal. Let 1 be the chiral layer, 2 = e n 1 ; ? the interface between the chiral material 1 and the exterior domain 2 . We assume that ? is parallel to the curve ?. (5) It follows the equivalent monochromatic constitutive relations : (6) where the function " is the electric permittivity, the magnetic permeability and the chirality admittance and k = ! p " (7) is simply a shorthand notation and does not represent any wavenumber inside the chiral medium. Throughout what follows we assume that jk j 6 = 1. We also assume that " = " 2 ; = 2 and = 0 outside the chiral layer 1 where " 2 and 2 are two strictly positive constants. Now, combining (5) to (6) gives 8 > > < > > : (8) In these equations, the parameter is de ned as :
We are interested in the scattering problem for a plane incident eld E in de ned as : 3 is not compact, we can not apply the Fredholm theory to (15) to show the existence and uniqueness of a solution of this problem in X . We shall prove Lemma 3.1 by using the generalized Lax-Milgram lemma of Babu ska and Brezzi 11] . We discuss the unique solvability of (15) and (12 (10) . Using lemma 3.1 and lemma 3.2, it is clear that the unique solvability of (8) is equivalent to the unique solvability of (22) . To discuss existence and uniqueness of solutions of (22) The di raction problem of Maxwell's equations by a layer of dielectric achiral material has a unique solution (cf. 2]). Therefore, we have the following result. We show that equation (22) (42)
where g is a known smooth vector eld and E and H which satisfy the radiation condition at in nity. First, we prove the following uniqueness result. 
We seek u in TH 1 (? ) = is independent of 1 , the proof of the uniqueness Lemma 4:2 is then over. The proof of Lemma 4:2 also shows the existence of solutions to our boundary value problem. Now, we use the boundary integral equation method to obtain optimal error estimates.
We make an ansatz for E and H in the form 8 > > < > > : In order to discuss the solvability of the integral equation (54) The proof of the error estimate is then complete by using (66).
Finally, we note that the present method for obtaining the approximative impedance conditions is quite general, and it is applicable to coatings with arbitrary constitutive relations, such as dielectric layers with tensor permittivity, and non-reciprocal coatings. Multiple layers may also be handled in a systematic manner. 5 . Conclusions. In this paper, the di raction problem by a chiral layer is formulated. The existence and the uniqueness of a solution to this problem is proved except for a possible discrete set of frequencies. In the case of a thin chiral layer, approximative impedance conditions are derived. The well-posedness of the new boundary value problem obtained from these equivalent boundary conditions is established and optimal error estimates between the unique solution of this new boundary value problem and the solution of the di raction problem by the chiral layer are obtained. 
